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ABSTRACT

The number of fire cases in Malaysia has recently been increasing year after year,
necessitating fire prevention measures. One prevention method is introducing fire
retardant (FR) coating materials. FR coating material is a coating layer that works to
prevent and reduce the probability of the material being flammable. Titania (TiO>)
nanoparticles (NPs) and silica/titania (SiO2/TiO2) nanocomposites (NCs) worked as
the FRs coating materials in this project, while rubberwood functioned as the
flammable substrate material. The fire performance behaviour was then investigated
using cone calorimeter, thermogravimetric analyzer (TGA), and flammability tests.
According to the findings, FR coating of TiO2 NPs and SiO2/TiO> (ratio of 0.1:1) NCs
were able to increase the decomposition temperature (OD) of rubberwood by 41.32°C
and 37.59°C, spontaneous ignition (SI) by 45.95°C and 32.6°C, and delayed ignition
time (IT) by 79 s and 114 s. The results also proved the reduction in the intensity of
fire (FI), heat release rate (HRR) by 43.32 kW/m? and 45.87 kW/m?, rate of
combustion (ROC) by 0.144 mm/s and 0.142 mm/s, mass loss rate (MLR) by 2.7 g/s
and 2.9 g/s, and combustion efficiency (EHC) by 4.89 mJ/kg and 4.95 mJ/kg,
respectively. The fuzzy logic system determined from these parameters that the HRR
parameter should be considered as the key parameter that needs to be decreased in
order to improve the FR performance of the TiO.-based materials. The
physicochemical properties of TiO»-based materials coated on wood were then
analyzed by various instruments and methods. Field emission scanning electron
microscopy (FESEM) showed that the TiO2-based materials coated on the wood are
spherical in shape, in the nano-range (25 to 40 nm), and agglomerated on the surface
of the rubberwood. Meanwhile, energy dispersive X-ray (EDX) confirmed that the
presence of titanium (Ti) and silica (Si) as the primary elements. The principal
functional groups of TiO2 and SiO2 were also visible by fourier transform infrared
(FTIR) spectroscopy. The X-ray diffraction patterns (XRD) demonstrated that the
TiO2 in both TiO2 and SiO2/TiO2 samples are present in the anatase phase with a lower
crystallinity, corresponding to the bandgap energies (3.2 eV and 3.4 eV) determined
using diffuse reflectance ultraviolet-visible spectroscopy (UV-Vis). Through the peel
adhesion test, it was proven that the application of 3-aminopropyltrimethoxysilane
(APTMS) as a surface modifying agent allowed strong adhesion between the TiO»-
based materials and wood and was uniformly coated. The wettability test showed that
the surface of the rubberwood changed from superhydrophilic to hydrophilic. In
conclusion, this study has demonstrated that TiO2 and SiO2/TiO2 (0.1:1) are the best
coating materials on wood that can successfully operate as fire retardant materials,
displaying the potential to decrease the performance of wood burning.



ABSTRAK

Jumlah kes kebakaran di Malaysia sekarang ini telah meningkat dari tahun ke tahun,
memerlukan langkah pencegahan kebakaran. Salah satu kaedah pencegahan adalah
dengan memperkenalkan bahan salutan kalis api (FR). Bahan salutan FR adalah
lapisan salutan yang berfungsi untuk mencegah dan mengurangkan keupayaan bahan
menjadi mudah terbakar. Titanium (TiO2) nanopartikel (NPs) dan silika/titanium
(SiO2/TiO2) nanokomposit (NCs) berfungsi sebagai bahan salutan FR dalam projek
ini, manakala kayu getah berfungsi sebagai bahan substrat yang mudah terbakar. Ujian
ketahanan terhadap api diuji menggunakan peralatan kalorimeter kon, penganalisis
termogravimetrik (TGA), dan ujian kebakaran. Menurut penemuan, salutan FR TiO>
NPs dan SiO2/TiO2 NCs (nisbah 0.1:1) masing-masing mampu meningkatkan suhu
penguraian (OD) kayu getah sebanyak 41.32°C dan 37.59°C, nyalaan spontan (SI)
sebanyak 45.95°C dan 32.6°C, dan masa pencucuhan (IT) sebanyak 79 s dan 114 s.
Hasil analisis juga membuktikan ianya mampu menurunkan keupayaan nyalaan api
(FI), kadar pelepasan haba (HRR) sebanyak 43.32 kW/m? dan 45.87 kW/m?, kadar
pembakaran (ROC) sebanyak 0.144 mm/s dan 0.142 mm/s, kadar kehilangan jisim
(MLR) sebanyak 2.7 g/s dan 2.9 g/s, dan kecekapan pembakaran (EHC) sebanyak 4.89
mJ/kg dan 4.95 mJ/kg. Sistem penentuan logikal mendapati bahawa parameter HRR
harus diambil perhatian sebagai parameter yang perlu dikurangkan bagi memastikan
prestasi TiO2 sebagai bahan asas FR mampu bertindak dengan lebih cekap. Sifat
fizikokimia bahan berasaskan TiO. yang dilapisi pada kayu kemudiannya dianalisa
dengan pelbagai instrumen dan kaedah. Mikroskopi elektron pengimbas pelepasan
medan (FESEM) menunjukkan bahawa bahan berasaskan TiO2 yang dilapisi pada
kayu berbentuk sfera, dalam julat nano (25 hingga 40 nm), dan melapisi permukaan
kayu getah. Sementara itu, penyebaran tenaga sinar-X (EDX) mengesahkan kehadiran
titanium (Ti) dan silika (Si) sebagai unsur utama. Kumpulan fungsi utama TiO> dan
SiO; juga dapat dilihat menggunakan spektroskopi infra merah transformasi fourier
(FTIR). Corak difraksi sinar-X (XRD) menunjukkan bahawa TiO> dalam kedua-dua
sampel TiO2 dan SiO2/TiO. hadir dalam fasa anatase dengan kehabluran yang lebih
rendah, sepadan dengan tenaga jurang jalur (3.2 eV dan 3.4 eV) yang ditentukan
menggunakan spektroskopi pantulan resapan ultra lembayung nampak (UV-Vis).
Melalui ujian pita pelekat, terbukti bahawa penggunaan 3-aminopropiltrimetoksisilana
(APTMS) sebagai agen pengubah permukaan menghasilkan kelekatan permukaan
yang lebih kuat antara bahan berasaskan TiO2 dan kayu dan melapisi secara seragam.
Ujian kelembapan menunjukkan bahawa permukaan kayu getah berubah dari
superhidrofilik kepada hidrofilik. Kesimpulannya, kajian ini telah menunjukkan
bahawa TiO, dan SiO2/TiO> (0.1:1) adalah bahan salutan kalis kebakaran yang terbaik
ke atas kayu, dengan menunjukkan potensi untuk menurunkan prestasi pembakaran
kayu.

Vi
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CHAPTER 1

INTRODUCTION

1.1  Research background

In Malaysia, there have been more than 45,000 building-related fire
occurrences documented from 2010 to 2021 alone, averaging 7,292 events annually
(FRDM, 2021). The number of these fire incidents keeps increasing yearly, which is a
really alarming problem. These increases have a negative impact on the nation since
they result in the loss of property and housing tax while also raising the government
of Malaysia's service costs (MOF, 2018). The Malaysian government, in particular the
Fire and Rescue Department of Malaysia (FRDM), is now working to raise public
awareness of fire prevention through the organisation of numerous initiatives. But
despite the steps taken to hold campaigns, the frequency of fires is still not going down.
In addition to campaigns, better measures should be implemented by preventing
uncontrollable combustion activity, awareness of the flammability materials, replacing
the use of fire-friendly materials with non-fire-friendly materials, implementing non-
flammability materials, or implementing a new technology based on the fire retardant

concept.

Fire-friendly materials are present all around us, especially in homes,
workplaces, and other environments are capable to produce danger to us, especially
related to fires (Blye and Bacon, 1991). The fire-friendly materials are flammable
substances that are frequently carbon-based and are referred to as fuel loads combined
(Stellman, 1998). There are many different fuel loads accessible in various chemical
and physical states (Martinez, 2007). These fuel loads may vary depending on how
easily a fire starts, how quickly it spreads (flame speed), and how much power it can
provide (rate of heat release) (Blye and Bacon, 1991). The idea of a fire tetrahedron,
sometimes known as the fire triangle, is used to explain how flames start. It comprises

of three basic parts: heat, fuel, and oxygen, which surround the fourth element, which



is the chemical chain reactions that occur during combustion activities (Friedman,
1998). When all of these components are connected and mixed, fires are started (Daeid,
2004).

Typically, materials can have a layer of coated film applied to their surface; the
majority of these coated films are composed of traditional organic components
(Baghdachi, 2011). It is well-recognised that organic materials make excellent fuel
since they are simpler to ignite, melt, and drip. When they are exposed to heat or fire,
this could result in serious injuries and destruction (Goldsmith, 2011). FRs have
developed into a chemical class that consistently draws significant scientific and public
attention. An example of organic material is wood. Wood is a porous material that has
fibrous structural tissues, is classified as an organic material, has rich with a natural
composite of cellulose fibers, provides strong tension, and is embedded in a matrix of
lignin (Panda, 2016). Wood is one of the most commonly used materials, and almost
any type of wood can be used to build furniture (Pafil, 2016). Each type of wood has
its own unique characteristics, which in turn can add different degrees of warmth,
emphasis, and beauty, to its surrounding decor. Even though it is one of the most
commonly used materials, as an organic material, wood can be easily exposed and
turned into fuels, which are easily burned when exposed to fire. Therefore, the
application of wood in the furniture and decoration industry needs extra protection to

reduce the risk of degradation and ignition by fire.

One of the best ways to reduce the possibility of a fire involving flammable or
combustible materials is by introducing reactive or additive fire retardant (FR)
materials (Betts, 2008). FR materials have developed into a chemical class that
consistently draws significant scientific and public attention. Every production of
materials based on wood, plastic, or textile must take into account the level of
combustibility of the product. In order to reduce the level of combustibility product,
the reactive or additive fire retardant materials need to be prepared together as a way
to ensure the product produced has a lower combustibility level (Innes, 2011). The
reactive FR materials, for example, by reducing the particle size to nano-size, the
effectiveness of FR material becomes better. Smaller particles size of FR materials
will give them a larger area to cover the surface of the substrate. According to Wang



et al. (2007), the smaller particle size produced will provide a better coating layer and
at the same time will decrease the combustibility of the substrate.

In recent years, nanoparticles (NPs) applications in the coatings industry have
grown significantly. This increase is caused by the physicochemical characteristics of
NPs, which have smaller particle sizes between 0.1 and 100 nm. In reality, several
performance issues brought on by some pricey products in the coating industry have
been addressed using the potential of NPs (Fernando and Sung, 2009; Thirumal, 2017).
This is because NPs, which have a variety of benefits and potential for the coatings
business, look good and are useful (Li et al., 2016; Khanna, 2008). Additionally, NPs
coating materials can increase opacity, foster better surface-coating interaction,
increase durability against combustible and flammable materials, and enhance the
mechanical, thermal, and electrical properties of the substrates (Small et al., 2006;
Arao, 2015). A good example of NPs would be titania (TiO2), where the fabrication of
TiO2 using various methods has been carried out in order to increase the efficiency of

TiO2 as a non-combustible filler (Tayeb and Hussein, 2015).

TiO2 NPs have been used as an inorganic FR and for hydrophilicity reasons,
which have both brought attention to their outstanding qualities. In contrast to other
conventional FR materials like halogenated, phosphorus, and nitrogen, which are most
likely to become toxic to the environment over time, TiO2 NPs have a strong oxidation
power, are non-toxic, environmentally friendly, have high photostability, chemical
stability, mechanical hardness, less moisture absorption, and have high thermal
stability (Chae, 2003; Sun et al., 2012). The high oxidation properties of TiO2 NPs in
fire protection coatings are due to the formation of nanoscale ceramic-like protective
materials in char structures (Wang et al., 2006). Of late, TiO> NPs have been popularly
used as a paint additive in coating industries due to the white pigments’ appearance,
high brightness, and a very high refractive index (Chemours, 2019). These appearances
have unique characteristics in terms of band position and surface structure (Chae,
2003).

Although TiO2 NPs are able to improve the thermal behaviour, mechanical,
and flame retardancy of materials, the presence of other fire retardants is needed to

give extra synergy effect for fire retardancy purpose (Arao, 2015). According to Sun

3



et al. (2012), the combination of dual inorganic materials, such as titania/zinc oxide
(Ti02/Zn0O) or titania/silicon dioxide (TiO2/Si02) composites, when coated on easily
combustible materials, such as wood, showed significant improvements in fire

resistivity.

Despite all the studies on wood that have been reported for the development of
FR materials, there are still several issues that need to be addressed and renewed. Sun
etal. (2013) and Rosales et al. (2018) targeted TiO2 NPs as material to improve wood’s
fire resistivity, durability, and to increase the wood hardness properties. According to
Yew et al. (2015), the selection of types of FR material is very important especially to
ensure the effectiveness and durability of the material against fire resistance.
Therefore, the use of TiO2 NPs as a fire protection coating for wood should be further
investigated. Other methods such as combining two or more materials with TiO> are
also very influential and able to increase the fire resistance of the material, as well as
increase the resistance of the substrate (Yew et al., 2015). Phosphoric acid, boric acid,
Zn0O, 3-aminopropyltrimethoxysilane (APTMS), and SiO2 nanostructures are suitable
examples to be used as additives or coupling agents in order to increase the
effectiveness to protect the substrate and increase the interfacial strength, especially
for wood-based composites (Hibert & Mahr, 2017). The function of this protective
layer is mainly to increase the mechanical resistance, moisture and thermal properties

of the wood materials (Zhang et al., 2019).

In this work, the preparation of size-controlled TiO2 NPs by sol-gel method
with TTIP as the Ti source, combined with SiO> as additional material, to increase the
fire retardancy of the coated woods, have been carried out. Prior to coating, the woods
underwent pre-treatment using 3-aminopropyltrimethoxysilane (APTMS) as the
coupling agent to improve the adhesion of TiO»-based materials on the surface of the
woods (Then et al., 2015). The synthesized materials were then coated onto wood
through the dip-coating method before being characterized by various methods to
determine the physicochemical properties. The coated woods then underwent fire
retardancy testing and measurement of the water contact angle (WCA) to study the
interaction between the coating surface with water. The fuzzy logic system was then
used to determine the dominant factor of fire retardant coating used. The illustration
of the concept of this study is shown in Appendix A.

4



1.2 Problem statement

The number of fire incidents in Malaysia has recently been worryingly rising
and has now reached an extremely concerning level, particularly for materials that are
combustible and flammable and are frequently used in our daily lives, particularly for
materials made of wood, such as furniture and home appliances. Therefore, significant
research has been done to create an effective protection layer to cover the flammable
and combustible materials to prevent them from rapidly igniting in order to overcome
this drawback. One of the solutions is by providing FR coating materials, which can
increase the fire resistivity of the coated materials. Unfortunately, FR materials that
have been produced in Malaysia are relatively limited as most individuals, including
manufacturers, suppliers, dealers, and customers, are not interested due to the lack of
information and awareness, as well as the higher cost of production. Furthermore, in
the Malaysia Standard (MS) for fire safety and protection, the standards of fire
protection for furniture manufacturing have not been mentioned as one of the
requirements (DSM, 2020). Almost all the FR materials available are imported from

other countries.

The purpose of the application of the coating on the surface of materials is not
only for aesthetic reasons but can also enhance scratch resistance, adhesion resistance,
UV resistance, fire resistance, moisture resistance, anti-microbial activity, self-
cleaning activity and also to add gas barrier properties to the substrate (Tri, Rtimi, &
Ouellet-Plamondon, 2019; Fernando and Sung, 2009). According to Khare et al.
(2015), the application of coating onto the surface of the material can be used to
stabilize the particles, agglomeration and withstand dissolution, and discharge noxious
ions. Nevertheless, most of the FR materials are made up of halogenated-based and
phosphorous-based substances which can present adverse impacts on the environment
and can be highly toxic when burned. Hence, many countries no longer use these FRs
(Babrauskas et al., 2014). Meanwhile, it was found that nitrogen-based FRs showed
many advantages, such as low toxicity and being environmentally friendly. However,
the amount of nitrogen FRs is needed in large quantities to increase the effectiveness
of fire retardancy (Horacek & Grabner, 1996).



In order to solve these problems, an approach that uses an inorganic material
such as metal oxide nanocomposites (NCs) to obtain a good coating quality of FRs
coating has been undertaken. According to Tri et al. (2019) and Zanatta et al. (2017),
metal oxides coatings, such as TiO2> NPs and SiO2 NPs, are suitable to use in FRsS
applications due to good passivation, stability at high temperatures, chemical stability,
mechanical hardness and smooth for coating processes. Out of all these, TiO2 and SiO-
stand out due to their higher mechanical durability and higher temperature stability.
Application of both metal oxides to the wood will increase the wood’s hardness and is
also capable of covering the wood’s pores and poor adsorbent by reducing water
interaction to the surface of the coated wood (Xuan et al., 2018). To support the use of
TiO2 and SiO2 as FR coating materials in improving the fire retardancy properties of

wood, the fuzzy logic system has been used to justify the usage.

1.3 Objectives of the study

The objectives of this study are:

i.  To synthesize TiO> NPs-based materials (TiO2 NPs and SiO2/TiO2 NCs) as
FRs coating on wood
ii.  To study the ability of the TiO> NPs-based materials coated on wood as FRs
through a fire performance test.
iii.  To study the dominant factor of FRs coating by the fuzzy logic system.
iv.  To determine the physicochemical properties of the TiO2 NPs-based materials

coated on wood.



1.4 Scope of study

This research focuses on using TiO2> NPs as a based FR coating materials and
SiO2 NPs as additive materials for TiO2-based coating materials, which are used as a
fire shield material on the surface of the wood. The effectiveness of additive materials
of SiO, was also investigated. Following that, the dominant factor of the coating was
determined using the fuzzy logic system. The TiO> NPs-based materials have been
synthesized using the sol-gel method at a lower temperature (90 °C). The different
compositions of SiO. have also been prepared with the molar composition ratio
between SiO, and TiO2 being 0.05:1, 0.1:1 and 0.5:1, respectively. Rubberwood with
sizes of 100 mm x 100 mm x 5 mm and 130 mm x 5 mm x 5 mm was chosen as a
coating substrate due to its popularity as furniture-based material and it is also in a
class of combustible materials (Ratnasingam et al., 2019; Ratnasingam, 2017). The
coating process was carried out utilising the dip-coating method at room temperature
and dried overnight at a temperature of 130 °C.

Meanwhile, the flammability test of the coated woods has been carried out by
following the British Standard of fire tests on building materials and structures and
America Society for Testing and Materials, E1354 (BS 476, 1989; 1997; ASTM 1999).
The test was conducted by exposing the coated wood's surface to a flame source from
a flame burner and then analysing the results using a cone calorimeter analyzer and
thermogravimetric analyzer. The fire performance test was carried out at the Fire
Forensic Laboratory of FRDM, Johor state and JBPM Fire Research Centre
(PUSPEK), Nilai, Negeri Sembilan

The fuzzy logic system was then utilised to determine the dominant factor in
enhancing the fire retardancy qualities of the TiO, NPs-based coating materials in
order to anticipate the dominant factor of the TiO> NPs-based coating materials on
wood as FR. The combination of the different factors of the coating, such as heat
release rate (HRR), rate of combustibility (ROC), mass loss rate (MLR) and ignition
time (IT), was elucidated using the fuzzy graph. Specifically, the fuzzy logic system
includes four main stages, which are (1) data collection, (2) development of fuzzy logic
controller, (3) construction of fuzzy inference system and (4) assessment of the result

by sensitivity analysis.



Lastly, the determination of the physicochemical properties of the coated wood
was analyzed by several instruments. The surface morphology and measurement of the
particle size were done using field-emission scanning electron microscopy with
energy-dispersive X-ray spectroscopy (FESEM-EDX). The determination of the
functional groups was carried out using Fourier transform infrared (FTIR)
spectroscopy, crystallinity study by using X-ray diffraction (XRD), and bandgap
energy determination by using diffuse reflectance ultraviolet-visible spectroscopy (DR
UV-vis), peel adhesion test and the properties of water spreads on the surface of coated
wood were evaluated through the measurement of WCA by measuring the contact

angle (0) of a water droplet.

1.5  Significance of the study

This study aims to utilize TiO»-based coating materials, with TiO2 NPs as the
main element and SiO2 NPs as the additional element, in the development of the FRs
coating materials. It is expected that the TiO>-based materials coated on the wood will
be able to reduce the combustibility of the wood substrate, extend the duration of the
ignition time, reduce the rate of fire spread, and be capable of self-extinguisher the
fire. Next, in order to determine the factor that helps or interferes with the
effectiveness of TiO2-based coating materials as FR materials, the fuzzy logic system
was used to determine the dominant factor involved. Apart from that, with the presence
of TiO2 NPs and SiO2 NPs as non-flammable materials in the coating industry, it is
hoped that such an attempt would contribute to the improvement the fire safety, extend
the duration of the ignition time, reduce the rate of fire spread, hinder the combustion

process, and ultimately reduce the number of fire cases in Malaysia.



REFERENCE

Adair, J. H., & Suvaci, E. (2011). Submicron electroceramic powders by hydrothermal
synthesis. Encyclopedia of Materials: Science and Technology, 8933-8937.

Aegerter, M. A., & Mennig, M. (Eds.). (2013). Sol-gel technologies for glass
producers and users. Springer Science & Business Media.

Akpan, U. G., & Hameed, B. H. (2010). The advancements in sol-gel method of
doped-TiO2 photocatalysts. Applied Catalysis A: General, 375(1), 1-11.

Anandan, S., Ikuma, Y., & Niwa, K. (2010). An overview of semi-conductor
photocatalysis:  modification of TiO> nanomaterials. Solid  State
Phenomena, 162, 239-260.

Apaydin-Varol, E., Putun, E., & Putun, A. E. (2007). Slow pyrolysis of pistachio
shell. Fuel, 86(12-13), 1892-1899.

Arabasadi, Z., Khorasani, M., Akhlaghi, S., Fazilat, H., Gedde, U. W., Hedenqvist, M.
S., & Shiri, M. E. (2013). Prediction and optimization of fireproofing
properties of intumescent flame retardant coatings using artificial intelligence
techniques. Fire Safety Journal, 61, 193-199.

Arao, Y. (2015). Flame retardancy of polymer nanocomposite. In Flame
Retardants (pp. 15-44). Springer, Cham.

Archer, K., & Lebow, S. (2006). Wood preservation. Primary Wood Processing (pp.
297-338). Springer, Dordrecht.

Arkles, B. (2011). Hydrophobicity, hydrophilicity and silane surface
modification. Gelest Inc, 215, 547-1015.

Aschberger, K., Campia, I., Pesudo, L. Q., Radovnikovic, A., & Reina, V. (2017).
Chemical alternatives assessment of different flame retardants—a case study
including multi-walled carbon nanotubes as synergist. Environment
international, 101, 27-45.

ASTDR, (2016). Formaldehyde and your health. Agency For Toxic Substances And
Disease Registry (ASTDR). National Research Council (US) Committee on
Toxicology. Available from: https:// https://www.atsdr.cdc.gov/formaldehyde.

ASTM, S. (1999). Standard test method for heat and visible smoke release rates for
materials and products using an oxygen consumption calorimeter. E1354-99.

103



Athanasopoulos, G., Riba, C. R., & Athanasopoulou, C. (2009). A decision support
system for coating selection based on fuzzy logic and multi-criteria decision
making. Expert Systems with Applications, 36(8), 10848-10853.

Aziz, F., & Ismail, A. F. (2015). Spray coating methods for polymer solar cells
fabrication: A review. Materials Science in Semiconductor Processing, 39,
416-425.

Aziz, R. A., Asyikin, N., & Sopyan, I. (2009). Synthesis of TiO2-SiO2 powder
photocatalyst via sol-gel method: effect of titanium precursor type on powder
properties. J. Inst. Eng., Malaysia, 70, 34-40.

Babu, K., Rendén, G., Afriyie Mensah, R., Kim, N. K., Jiang, L., Xu, Q., ... & Das, O.
(2020). A review on the flammability properties of carbon-based polymeric
composites: State-of-the-art and future trends. Polymers, 12(7), 1518.

Babrauskas, V., & Peacock, R. D. (1992). Heat release rate: the single most important
variable in fire hazard. Fire safety journal, 18(3), 255-272.

Babrauskas, V. (2002). Ignition of wood: a review of the state of the art. Journal of
Fire Protection Engineering, 12(3), 163-189.

Babrauskas, V., Fuoco, R., & Blum, A. (2014). Flame Retardant Additives in
Polymers: When do the Fire Safety Benefits Outweigh the Toxicity Risks?.
In Polymer green flame retardants (pp. 87-118). Elsevier.

Baghdachi, J. (2011). Coating Plastics. In Applied Plastics Engineering
Handbook (pp. 429-434). William Andrew Publishing.

Bajaj, P. (1992). Fire-retardant materials. Bulletin of Materials Science, 15(1), 67-76.

Balachandran, K., Venckatesh, R., & Sivaraj, R. (2010). Synthesis of nano TiO2-SiO>
composite using sol-gel method: effect on size, surface morphology and
thermal stability.

Begum, S., Fawzia, S., & Nainar, M. A. M. (2020). Development and Characterization
of Cross Arm for Power Transmission Line using Natural Fiber and Polymer.

Benkreif, R., Brahmia, F. Z., & Csiha, C. (2021). Influence of moisture content on the
contact angle and surface tension measured on birch wood surfaces. European
Journal of Wood and Wood Products, 79(4), 907-913.

Berita Harian, (2014). “Tingkat tiga sk kangkar tebrau musnah.” April 15. Availuble
from  https://www.bharian.com.my/berita/nasional/2014/03/664489/tingkat-

tiga-sk-kangkar-tebrau-musnah

104


https://www.bharian.com.my/berita/nasional/2014/03/664489/tingkat-tiga-sk-kangkar-tebrau-musnah
https://www.bharian.com.my/berita/nasional/2014/03/664489/tingkat-tiga-sk-kangkar-tebrau-musnah

Betts K. S. (2008). New thinking on flame retardants. Environmental health
perspectives, 116(5), A210-A213.

Bhattacharyya, D., Subasinghe, A., & Kim, N. K. (2015). Natural fibers.
Multifunctionality of Polymer Composites, 102-143.

Bierwagen, G. P. (2016). Surface Coating. Encyclopadia Britannica. Encyclopadia
Britannica, inc. Retrieved Jan 04, 2019, from

https://www.britannica.com/technology/surface-coating

Blye, P. and Bacon P. (1991). Fire prevention practices in commerce and industry
(17th ed.) Fire Protection Handbook.

Boostani, H., & Modirrousta, S. (2016). Review of Nanocoatings for Building
Application. Procedia Engineering, 145, 1541-1548.

Bottom, R. (2008). Thermogravimetric analysis. Principles and applications of
thermal analysis, 1, 87-118.

Brahmia, F. Z., Alpar, T., Horvéth, P. G., & Csiha, C. (2020). Comparative analysis
of wettability with fire retardants of Poplar (Populus cv. euramericana 1214)
and Scots pine (Pinus sylvestris). Surfaces and Interfaces, 18, 100405.

Brinker, C. J. (2013). Dip coating. In Chemical Solution Deposition of Functional
Oxide Thin Films (pp. 233-261). Springer, Vienna.

Brooks K. M. (2000). Environmental impact of preservative treated wood in a wetland
boardwalk. Department of Agriculture, Forest Service, Forest Products
Laboratory. USA. pp 73-121

BS 476, (1989). Part 6: Method of test for fire propagation for product. Fire tests on
building materials and structure.British Standard.

BS 476, (1997). Part 7: Method of test to determine the classification of the surface
spread on flame products. Fire tests on building materials and structure.British
Standard.

Bueno, A. F., Baiidn, M. N., De Morentin, L. M., & Garcia, J. M. (2014). Treatment
of natural wood veneers with nano-oxides to improve their fire behaviour.
In IOP Conference Series: Materials Science and Engineering (Vol. 64, No. 1,
p. 012021). 10P Publishing.

Cao, S., Yeung, K. L., & Yue, P. L. (2006). Preparation of freestanding and crack-free
titania—silica aerogels and their performance for gas phase, photocatalytic
oxidation of VOCs. Applied Catalysis B: Environmental, 68(3-4), 99-108.

105


https://www.britannica.com/technology/surface-coating

Cappelletto, E., Maggini, S., Girardi, F., Bochicchio, G., Tessadri, B. and Di Maggio,
R. (2013). Wood surface protection with different alkoxysilanes: a
hydrophobic barrier. Cellulose, 20(6), pp.3131-3141.

Carter, C. B., & Norton, M. G. (2007). Characterizing Structure, Defects, and
Chemistry. Ceramic Materials: Science and Engineering, 154-177.

Chae, S. Y., Park, M. K., Lee, S. K., Kim, T. Y., Kim, S. K., & Lee, W. 1. (2003).
Preparation of size-controlled TiO> nanoparticles and derivation of optically
transparent photocatalytic films. Chemistry of Materials, 15(17), 3326-3331.

Chaisaenrith, P., Taksakulvith, P., & Pavasupree, S. (2021). Effect of nano titanium
dioxide in intumescent fireproof coating on thermal performance and char
morphology. Materials Today: Proceedings.

Chakrabarty, A., Mannan, S., & Cagin, T. (2016). Finite Element Analysis in Process
Safety Applications. Multiscale Modeling for Process Safety Applications,
275-288.

Chandren, S., & Ohtani, B. (2012). Preparation and reaction of titania particles
encapsulated in hollow silica shells as an efficient photocatalyst for
stereoselective synthesis of pipecolinic acid. Chemistry letters, 41(7), 677-679.

Chandren, S., & Zulfemi, N. H. (2019). Titania nanoparticles coated on polycarbonate
car headlights for self-cleaning purpose. In Journal of Physics: Conference
Series (Vol. 1321, No. 2, p. 022032). IOP Publishing.

Chauhan, I., & Mohanty, P. (2015). In situ decoration of TiO2 nanoparticles on the
surface of cellulose fibers and study of their photocatalytic and antibacterial
activities. Cellulose, 22(1), 507-519.

Chemours FC. LLC, (2019). Titanium Dioxide for Coatings (Product Overview). The
Chemours Company FC, LLC. Retrieved December 25 2019, from https://
www.titanium.chemours.com

Chen, H., Zhang, S., Cai, X., & Pan, M. (2019). Effects of APP/SiO> polyelectrolyte
composites on wood-plastic composite. In MATEC Web of Conferences (\Vol.
275, p. 01004). EDP Sciences.

Chivas, C., Guillaume, E., Sainrat, A., & Barbosa, V. (2009). Assessment of risks and
benefits in the use of flame retardants in upholstered furniture in continental
Europe. Fire Safety Journal, 44(5), 801-807.

106


http://www.titanium.chemours.com/

Chun, H. Y., Park, S. S., You, S. H., Kang, G. H., Bae, W. T., Kim, K. W.,, ... & Shin,
D. (2009). Preparation of a transparent hydrophilic TiO; thin film
photocatalyst. Journal of Ceramic Processing Research, 10(2), 219-223.

Daeid, N. N. (2004). Fire investigation. Forensic Science. New York. pp 1-5

DEFRA. (2010). Review of alternative fire retardant technologies. Department for
Enviroment Food and Rural Affairs. GR233, 1-72

DeHaan, J. D. (2007). Kirk’s Fire Investigation. Pearson Education, Inc., Upper
Saddle River, New Jersey. ED.6 (65-99;105-116)

DellaSala, D. A. (2018). Emergence of a New Climate and Human-Caused Wildfire
Era for Western USA Forests.

Demoisson, F., Piolet, R., & Bernard, F. (2015). Hydrothermal growth of ZnO
nanostructures in supercritical domain: Effect of the metal salt concentration
(Zn(NOg)2) in alkali medium (KOH). The Journal of Supercritical Fluids, 97,
268-274.

Devi, R. R., & Maji, T. K. (2013). Interfacial effect of surface modified TiO2 and SiO>
nanoparticles reinforcement in the properties of wood polymer clay
nanocomposites. Journal of the Taiwan Institute of Chemical Engineers, 44(3),
505-514.

Diebold, U. (2003). The surface science of titanium dioxide. Surface science
reports, 48(5-8), 53-229.

Dietenberger, M. A., Grexa, O., & White, R. H. (2012). Reaction-to-fire of wood
products and other building materials: Part 11, Cone calorimeter tests and fire
growth models. Research Paper-Forest Products Laboratory, USDA Forest
Service, (FPL-RP-670).

Drelich, J., Chibowski, E., Meng, D. D., & Terpilowski, K. (2011). Hydrophilic and
superhydrophilic surfaces and materials. Soft Matter, 7(21), 9804-9828.

DSM, (2020). Protection of Safety, Health and Environment Regulation. Department
of Standards Malaysia (DSM).

DTI. (2000). Effectiveness of the furniture and furnishing (fire) (safety) regulations
1988. Department of Trade and Industry.

Ebnesajjad, S. (2006). Surface and Material Characterization Techniques. Surface

Treatment of Materials for Adhesion Bonding, 43-75.

107



Eddy, D. R., Ishmah, S. N., Permana, M. D., Firdaus, M. L., Rahayu, I., EI-Badry, Y.
A, ... & ElI-Bahy, Z. M. (2021). Photocatalytic Phenol Degradation by Silica-
Modified Titanium Dioxide. Applied Sciences, 11(19), 9033.

EFRA. (2007). Flame Retardants. The European Flame Retardant Association.
Retrieved February 5, 2018, from https:// www.Flameretardants.Eu

EFSA Panel on Food Additives and Nutrient Sources added to Food (ANS), Younes,
M., Aggett, P., Aguilar, F., Crebelli, R., Dusemund, B., ... & Gundert-Remy,
U. (2018). Re-evaluation of silicon dioxide (E 551) as a food additive. EFSA
Journal. 16(1), e05088.

Erdinler, S., Dilik, T., HIZIROGLU, S., Koc, H., & Hazir, E. (2015). Adhesion
Strength of Wood Based Composites Coated with Cellulosic and Polyurethane

Paints.

Facchetti, A., Marks, T. J., Kanatzidis, M. G., Kim, M. G., Sheets, W. C., Yan, H., &
Xia, Y. (2015). U.S. Patent No. 8,940,579. Washington, DC: U.S. Patent and
Trademark Office.

Fang, M., Xiong, X., Hao, Y., Zhang, T., Wang, H., Cheng, H. M., & Zeng, Y. (2019).
Preparation of highly conductive graphene-coated glass fibers by sol-gel and
dip-coating method. Journal of Materials Science & Technology, 35(9), 1989-
1995.

Fang, M., Xiong, X., Hao, Y., Zhang, T., Wang, H., Cheng, H.M. and Zeng, Y. (2019).
Preparation of highly conductive graphene-coated glass fibers by sol-gel and
dip-coating method. Journal of Materials Science & Technology, 35(9),
pp.1989-1995.

FAO & UNHCR. 2017. Rapid woodfuel assessment: 2017 baseline for the Bidibidi
settlement, Uganda. Rome, Food and Agriculture Organization of the United
Nations (FAO) and Geneva, Switzerland, United Nations High Commissioner
for Refugees (UNHCR).

Faria, D. L., Scatolino, M. V., Lopes, T. A., Mesquita Janior, L., Mota, G. D. S.,
Guimarées Junior, J. B., ... & Soriano, J. (2020). Performance of glulam beams
produced with free-formaldehyde adhesive and underexploited rubber wood
treated with preservatives solutions of chromated copper borate and
pyrethroids. Journal of Adhesion Science and Technology, 34(11), 1145-1162.

Farouk, A., & Sharaf, S. (2016). Sol-gel hybrid nanomaterials based on TiO2/SiO> as
multifunctional finishing for cotton fabric. Egypt. J. Chem, 59, 407.

108


http://www.flameretardants.eu/

Feng, S.-H., & Li, G.-H. (2017). Hydrothermal and Solvothermal Syntheses. Modern
Inorganic Synthetic Chemistry, 73-104.

Fernando, R. H. (2009). Nanotechnology applications in coatings (\Vol. 1008, pp. 2-
21). L. P. Sung (Ed.). Washington, DC: American Chemical Society.

FIRA. (2009). Fire safety of furniture and furnishings in the home, A Guide to the UK
Regulations. Furniture Industry Research Association (FIRA). Retrieved

February 5, 2018, from https://www.fira.co.uk

Fotovvati, B., Namdari, N. and Dehghanghadikolaei, A. (2019). On coating techniques
for surface protection: a review. Journal of Manufacturing and Materials
Processing, 3(1), p.28.

FRDM, (2021). Statistik Mengikut Jenis Kebakaran di Malaysia. Jabatan Bomba dan

Penyelamat malaysia. Retrieved May, 2022, from http://www.bomba.gov.my

Friedman, R. (1998). Principles of fire protection chemistry and physics. National Fire
Protection Association (NFPA). Third edition. pp: 71-109

FSA. (1988). Section 28, Requirement of fire certificate. Fire Services Act 1988,
Goverment of Malaysia.

Fufa, S. M., Steen-Hansen, A., Jelle, B. P., & Hovde, P. J. (2013). Reaction to fire and
water vapour resistance performance of treated wood specimens containing
TiO2 and clay nanoparticles. Fire and Materials, 38(7), 717—724.

Ganesh, V. A, Raut, H. K., Nair, A. S., & Ramakrishna, S. (2011). A review on self-
cleaning coatings. Journal of Materials Chemistry, 21(41), 16304-16322.

Gao, L., Lu, Y., Zhan, X., Li, J. and Sun, Q. (2015). A robust, anti-acid, and high-
temperature—humidity-resistant superhydrophobic surface of wood based on a
modified TiO> film by fluoroalkyl silane. Surface and Coatings
Technology, 262, pp.33-39.

Georlette, P. (2001). Applications of halogen flame retardants. Fire retardant
materials, 264-292.

Goldsmith, F. P. (2011). Fire retardant coatings: an evaluation of fire retardant coatings
as a means of protecting wood panels. Retrieved December 25 2017, from

https://open.library.ubc.ca.

Grexa, O., & Lubke, H. (2001). Flammability parameters of wood tested on a cone
calorimeter. Polymer Degradation and Stability, 74(3), 427-432.

109


https://www.fira.co.uk/
http://www.bomba.gov.my/
https://open.library.ubc.ca/

Grenli, M. G., Vérhegyi, G., & Di Blasi, C. (2002). Thermogravimetric analysis and
devolatilization kinetics of wood. Industrial & Engineering Chemistry
Research, 41(17), 4201-4208.

Gupta, S., & Tripathi, M. (2012). A review on the synthesis of TiO2 nanoparticles by
solution route. Open Chemistry, 10(2), 279-294.

Halim, F. S. A., Chandren, S., Aziz, M., Loon, L. W., & Nur, H. (2017). High voltage
powder spray coating as a new method for the preparation of carbon-titania
coated stainless steel. Malaysian Journal of Fundamental and Applied
Sciences, 13(4), 812-816.

Han, Z., Chang, V. W., Zhang, L., Tse, M. S., Tan, O. K., & Hildemann, L. M. (2012).
Preparation of TiO>-coated polyester fiber filter by spray-coating and its
photocatalytic degradation of gaseous formaldehyde. Aerosol Air Qual.
Res, 12, 1327-1335.

Hamdi, M., Saleh, M. N., & Poulis, J. A. (2020). Improving the adhesion strength of
polymers: effect of surface treatments. Journal of Adhesion Science and
Technology, 34(17), 1853-1870.

Hashim, A. A., Salih, W. K., & Jameel, N. J. (2016). Preparation and performance
testing of nano titanium dioxide as fire retardant of high density polyethylene
composite. Int. J. Cur. Eng. Tech, 6(4), 1104-9.

Hashimoto, K., Irie, H., & Fujishima, A. (2005). TiO, photocatalysis: a historical
overview and future prospects. Japanese journal of applied physics, 44(12R),
8269.

Hassan, M. A., Nour, M. A., Kamal, M. F., El-Marsafy, S. M., & Shaltout, I. M. A.
(2012). Effect of new coating flame retardant system on the flammability
properties of different building materials. Australian Journal of Basic and
Applied Sciences, 6(3), 393-400.

Hellstrom, S. L. (2007). Basic models of spin coating. Submitted as coursework for
Physics, 210.

Hidayah, I. N., Mariatti, M., Ismail, H., & Kamarol, M. (2015). Evaluation of
PP/EPDM nanocomposites filled with SiO2, TiO2> and ZnO nanofillers as
thermoplastic elastomeric insulators. Plastics, Rubber and Composites, 44(7),
259-264.

110



Hirano, M., & Ota, K. (2004a). Preparation of photoactive anatase-type TiO/silica gel
by direct loading anatase-type TiO2 nanoparticles in acidic aqueous solutions
by thermal hydrolysis. Journal of materials science, 39(5), 1841-1844,

Hirano, M., OTA, K., Inagaki, M., & lwata, H. (2004b). Hydrothermal Synthesis of
Ti0,/SiO2 Composite Nanoparticles and Their Photocatalytic Performances.
Journal of the Ceramic Society of Japan, 112(1303), 143-148

Horacek, H., & Grabner, R. (1996). Advantages of flame retardants based on nitrogen
compounds. Polymer Degradation and Stability, 54(2-3), 205-215.

Horrocks, A. R., Price, D., & Price, D. (Eds.). (2001). Fire retardant materials.
woodhead Publishing.

Hosseini, M. S., Sadeghi, M. T., & Khazaei, M. (2017). Wettability alteration from
superhydrophobic to superhydrophilic via synthesized stable nano-
coating. Surface and Coatings Technology, 326, 79-86.

Hosseini, M.S. and Sadeghi, M.T. (2018). Improving oleophobicity and hydrophilicity
of superhydrophobic surface by TiO2-based coatings. Materials Research
Express, 5(8), p.085010.

Hribernik, S., Smole, M. S., Kleinschek, K. S., Bele, M., Jamnik, J., & Gaberscek, M.
(2007). Flame retardant activity of SiO2-coated regenerated cellulose fibres.
Polymer Degradation and Stability, 92(11), 1957-1965.

Hibert, T., & Mahr, M. S. (2016). Sol-gel wood preservation. Handbook of Sol-Gel
Science and Technology. pp 2795-2841.

Hibert, T., & Mahr, M. S. (2017). Sol-gel Wood Preservation. Handbook of Sol-Gel
Science and Technology, 2795-2842.

Hibert, T., Unger, B., & Bicker, M. (2010). Sol-gel derived TiO> wood
composites. Journal of sol-gel science and technology, 53(2), 384-389.
Huggett, C. (1980). Estimation of rate of heat release by means of oxygen consumption

measurements. Fire and Materials, 4(2), 61-65.

Ibhadon, A., & Fitzpatrick, P. (2013). Heterogeneous photocatalysis: recent advances
and applications. Catalysts, 3(1), 189-218.

Ibrahim, N. S., Leaw, W. L., Mohamad, D., Alias, S. H., & Nur, H. (2020). A critical
review of metal-doped TiO> and its structure—physical properties—
photocatalytic activity relationship in hydrogen production. International
Journal of Hydrogen Energy, 45(53), 28553-28565.

111



I’ves, V. G., Zuev, M. G., & Sokovnin, S. Y. (2015). Properties of silicon dioxide
amorphous  nanopowder  produced by pulsed electron beam
evaporation. Journal of Nanotechnology, 2015.

Innes, A., & Innes, J. (2011). Flame Retardants. Applied Plastics Engineering
Handbook: 469-485

Isik, C. (1991). Fuzzy Logic: Principles, Applications and Perspectives. SAE
Transactions, 100, 393-396.

Izran, K., Abood, F., Yap, K. C., AM, A. R., & Zaidon, A. (2011). Properties and
performance of rubberwood particleboard treated with BP® Fire
retardant. Journal of Science and Technology, 3(2).

Jagadale, T. C., Takale, S. P., Sonawane, R. S., Joshi, H. M., Patil, S. I., Kale, B. B.,
& Ogale, S. B. (2008). N-doped TiO. nanoparticle based visible light
photocatalyst by modified peroxide sol—gel method. The Journal of Physical
Chemistry C, 112(37), 14595-14602.

Jancik, J., Osvaldova, L. M., & Markert, F. (2021). Thermogravimetric analysis,
differential scanning calorimetry and time-to-ignition of wood materials
treated with water glass flame retardants. Wood Research, 66(1), 15-26.

Jakel, J., & Bretthauer, G. (2009). Fuzzy system applications. Control Systems,
Robotics and AutomatioN-Volume XVII: Fuzzy and Intelligent Control
Systems, 107.

Jeguirim, M., & Trouve, G. (2009). Pyrolysis characteristics and kinetics of Arundo
donax using thermogravimetric analysis. Bioresource technology, 100(17),
4026-4031.

Jeng, M., Wung, Y., Chang, L., And Chow, L. (2013). Dye-sensitized Solar Cells With
Anatase TiO2 Nanorods Prepared By Hydrothermal Method. International
Journal Of Photoenergy, 2013, 8.

Jeon, S., & Braun, P. V. (2003). Hydrothermal synthesis of Er-doped luminescent TiO>
nanoparticles. Chemistry of Materials, 15(6), 1256-1263.

Jinhui, Z., Si, L., Long, C., Yi, P., & Shuangchun, Y. (2012). The progress of TiO2
photocatalyst coating. IOSR Journal of Engineering, ISSN, 2250, 2.

Jones D.,& Brischke C. (2017). Protection of the bio-based material. Performance of
Bio-based Building Materials,Woodhead Publishing. pp187-247

Jung, H. S., Moon, D. S., & Lee, J. K. (2012). Quantitative analysis and efficient

surface modification of silica nanoparticles. Journal of Nanomaterials, 2012.

112



Kacikova, D., Kubovsky, I., Estokova, A., Kacik, F., Kmetova, E., Kovac, J., &
Durkovi¢, J. (2021). The influence of nanoparticles on fire retardancy of
pedunculate oak wood. Nanomaterials, 11(12), 3405.

Kalantar-zadeh, K., & Fry, B. (2007). Nanotechnology-enabled sensors. Springer
Science & Business Media.

Kannan, R., & Sivakumar, D. (2007). Impact of liquid drops on a rough surface
comprising microgrooves. Experiments in Fluids, 44(6), 927-938

Kashiwagi, T., Du, F., Douglas, J. F., Winey, K. I., Harris, R. H., & Shields, J. R.
(2005). Nanoparticle networks reduce the flammability of polymer
nanocomposites. Nature materials, 4(12), 928-933.

Kato, K., Gon, M., Tanaka, K., & Chujo, Y. (2019). Stretchable Conductive Hybrid
Films Consisting of Cubic Silsesquioxane-capped Polyurethane and Poly(3-
hexylthiophene). Polymers, 11(7), 1195

Kemell, M., Farm, E., Ritala, M., & Leskeld, M. (2008). Surface modification of
thermoplastics by atomic layer deposition of AlOs and TiO. thin
films. European Polymer Journal, 44(11), 3564-3570.

Kemmitt, T., Al-Salim, N. I., Lian, J., Golovko, V. B., & Ruzicka, J. Y. (2013).
Transparent, photocatalytic, titania thin films formed at Ilow
temperature. Current Applied Physics, 13(1), 142-147.

Khan, M. M., Ansari, S. A., Pradhan, D., Ansari, M. O., Lee, J., & Cho, M. H. (2014).
Band gap engineered TiO2 nanoparticles for visible light induced
photoelectrochemical and photocatalytic studies. Journal of Materials
Chemistry A, 2(3), 637-644.

Khanna, A. S. (2008). Nanotechnology in high performance paint coatings. Asian J.
Exp. Sci, 21(2), 25-32.

Khare V., Ajit K. Saxena, Prem N. Gupta. (2015). Chapter 15 - Toxicology
Considerations in Nanomedicine. Nanotechnology Applications for Tissue
Engineering. S. Thomas, Y. Grohens and N. Ninan. Oxford, William Andrew
Publishing: 239-261.

Killmann, W., & Hong, L. T. (2000). Rubberwood-the success of an agricultural by-
product. UNASYLVA-FAO-, 66-72.

Kolasinac, N., Kachrimanis, K., Djuris, J., Homsek, 1., Gruji¢, B., & Ibri¢, S. (2013).

Spray coating as a powerful technique in preparation of solid dispersions with

113



enhanced desloratadine dissolution rate. Drug development and industrial
pharmacy, 39(7), 1020-1027.

Kozlowska, E. (2012). Basic principles of fuzzy logic. Von Prague: Czech Technical
University in Prague: http://access. feld. cvut. cz/view. php.

Kumar, A., & Pandey, G. (2018). Different Methods Used for the Synthesis of TiO>
Based Nanomaterials: A Review. American Journal of Nano Research and
Applications, 6(1), 1.

Kuriakose, S., Bhardwaj, N., Singh, J., Satpati, B., & Mohapatra, S. (2013). Structural,
optical and photocatalytic properties of flower-like ZnO nanostructures
prepared by a facile wet chemical method. Beilstein journal of
nanotechnology, 4, 763.

Lam, Y. L., Kan, C. W., & Yuen, C. W. M. (2011). Effect of titanium dioxide on the
flame-retardant finishing of cotton fabric. Journal of Applied Polymer Science,
121(1), 267-278

Lance, R. A. (2018). Optical Analysis of Titania: Band Gaps of Brookite, Rutile and
Anatase. Thesis Bachelors of Physics, Oregon State University

Latthe, S. S., Liu, S., Terashima, C., Nakata, K., & Fujishima, A. (2014). Transparent,
adherent, and photocatalytic SiO.-TiO> coatings on polycarbonate for self-
cleaning applications. Coatings, 4(3), 497-507.

Lebow, S. T. (2010). Wood preservation. Wood handbook: wood as an engineering
material: chapter 15. Centennial ed. General technical report FPL; GTR-190.
Madison, WI: US Dept. of Agriculture, Forest Service, Forest Products
Laboratory, 2010: p. 15.1-15.28., 190, 15-1.

Lebow, S., & Anthony, R. W. (2012). Guide for use of wood preservatives in historic
structures. Government Printing Office.

Lessan, F., Montazer, M., & Moghadam, M. B. (2011). A novel durable flame-
retardant cotton fabric using sodium hypophosphite, nano TiO2 and maleic
acid. Thermochimica Acta, 520(1-2), 48-54

Li, H., Hu, Z., Zhang, S., Gu, X., Wang, H., Jiang, P., & Zhao, Q. (2015). Effects of
titanium dioxide on the flammability and char formation of water-based
coatings containing intumescent flame retardants. Progress in Organic
Coatings, 78, 318-324

114



Li, H., Liu, H., Fu, A., Wu, G., Xu, M., Pang, G., & Zhao, X. S. (2016a). Synthesis
and characterization of N-Doped porous TiO2 hollow spheres and their
photocatalytic and optical properties. Materials, 9(10), 849.

Li, J., Ren, D., Wu, Z., Xu, J.,, Bao, Y., He, S. and Chen, Y. (2018). Flame retardant
and visible light-activated Fe-doped TiO2 thin films anchored to wood surfaces
for the photocatalytic degradation of gaseous formaldehyde. Journal of colloid
and interface science, 530, pp.78-87.

Li, J., Yu, H., Sun, Q., Liu, Y., Cui, Y., & Lu, Y. (2010). Growth of TiO2 coating on
wood surface using controlled hydrothermal method at low
temperatures. Applied Surface Science, 256(16), 5046-5050.

Li, W,, Shah, S. I., Huang, C. P., Jung, O., & Ni, C. (2002). Metallorganic chemical
vapor deposition and characterization of TiO2 nanoparticles. Materials Science
and Engineering: B, 96(3), 247-253.

Liang, W., Li, J., & He, H. (2012). Photo-catalytic degradation of volatile organic
compounds (VOCs) over titanium dioxide thin film. Advanced Aspects of
Spectroscopy, 12, 341-372.

Lim, Seng & Chung, R C K. (2002). A Dictionary of Malaysian Timbers. Forest
Research Institute of Malaysia.

Lina, Z., Fenggiang, N., & Wanwu, S. (2018). Research on the Flame Retardant Effect
of Super-porous Nitroguanidine Propellant Coated with Different Coating
Contents of TiO2. InlOP Conference Series: Materials Science and
Engineering (Vol. 436, No. 1, p. 012011). IOP Publishing.

Lindholm, J., Brink, A., & Hupa, M. (2009). Cone calorimeter. A tool for measuring
heat release rate. Abo Akademi Process Chemistry Centre: Turku, Finland.

Liu, H. S, Chin, T. S, Lai, L. S., Chiu, S. Y., Chung, K. H., Chang, C. S., & Lui, M.
T. (1997). Hydroxyapatite synthesized by a simplified hydrothermal method.
Ceramics International, 23(1), 19-25.

Liu, Y., Ge, C., Ren, M., Yin, H., Wang, A., Zhang, D., ... Jiang, T. (2008). Effects of
coating parameters on the morphology of SiO,-coated TiO2 and the pigmentary
properties. Applied Surface Science, 254(9), 2809-2819.

Lowden, L. A., & Hull, T. R. (2013). Flammability behaviour of wood and a review
of the methods for its reduction. Fire science reviews, 2(1), 4.

Lowden, L. A., & Hull, T. R. (2013). Flammability behaviour of wood and a review

of the methods for its reduction. Fire science reviews, 2(1), 1-19.

115



Luttrell, T., Halpegamage, S., Tao, J., Kramer, A., Sutter, E., & Batzill, M. (2014).
Why is anatase a better photocatalyst than rutile?-Model studies on epitaxial
TiO> films. Scientific reports, 4, 4043.

Ma, X. X., Wu, Y. Z., & Zhu, H. L. (2013). The fire-retardant properties of the
melamine-modified urea—formaldehyde resins mixed with ammonium
polyphosphate. Journal of wood science, 59(5), 419-425.

Maciulaitis, R., & Praniauskas, V. (2010). Fire tests on wood products subjected to
different heat fluxes. Journal of Civil Engineering and Management, 16(4),
484-490.

Mahr, S. (2013). M. Wood maodification with titania and silica based precursors: a
novel approach to prepare multifunctional sol-gel derived TiO2/SiO2 wood-
inorganic composites. Georg-August-University Gottingen.

Mahshid, S., Askari, M., & Ghamsari, M. S. (2007). Synthesis of TiO2 nanoparticles
by hydrolysis and peptization of titanium isopropoxide solution. Journal of
Materials Processing Technology, 189(1-3), 296-300.

Malnieks, K., Mezinskis, G., & Pavlovska, I. (2017). Effect of Different Dip-Coating
Techniques on TiO2 Thin Film Properties. Key Engineering Materials, 721.

Mariappan, T. (2017). Fire Retardant Coatings. In New Technologies in Protective
Coatings. InTech.

Melnik, O. M., Paskaluk, S. A., Ackerman, M. Y., Melnik, K. O., Thompson, D. K.,
McAllister, S. S., & Flannigan, M. D. (2021). New In-Flame Flammability
Testing Method Applied to Monitor Seasonal Changes in Live Fuel. Fire 2022,
5,1.

Mereu, R. A., Mesaros, A., Petrisor, T., Gabor, M., Popa, M., Ciontea, L., & Petrisor,
T. (2013). Synthesis, characterization and thermal decomposition study of zinc
propionate as a precursor for ZnO nano-powders and thin films. Journal of
Analytical and Applied Pyrolysis, 104, 653-659

Mitzi, D.B., Kosbar, L.L., Murray, C.E., Copel, M. and Atzali, A. (2004). High
mobility ultrathin semiconducting films prepared by spin coating. Nature. 428,
pp 299-303.

MOF. (2018). Laporan Ekonomi 2018. Kementerian Kewangan Malaysia. pp: 85-88.

Mohamed, M.A., Jaafar, J., Ismail, A.F., Othman, M.H.D. and Rahman, M.A., 2017.
Fourier  transform  infrared (FTIR)  spectroscopy. In Membrane

Characterization (pp. 3-29). Elsevier.
116



Mohit, H., & Selvan, A. M. V. (2018). A comprehensive review on surface
modification, structure interface and bonding mechanism of plant cellulose
fiber reinforced polymer based composites. Composite Interfaces, 25(5-7),
629-667.

Molitor, P., Barron, V., & Young, T. (2001). Surface treatment of titanium for adhesive
bonding to polymer composites: a review. International Journal of Adhesion
and Adhesives, 21(2), 129-136.

Momeni, M., Saghafian, H., Golestani-Fard, F., Barati, N. and Khanahmadi, A., 2017.
Effect of SiO> addition on photocatalytic activity, water contact angle and
mechanical stability of visible light activated TiO2 thin films applied on
stainless steel by a sol gel method. Applied Surface Science, 392, pp.80-87.

Montoya, I. A., Viveros, T., Dominguez, J. M., Canales, L. A., And Schifter, I. (1992).
On The Effects Of The Sol-gel Synthesis Parameters On Textural And
Structural Characteristics Of TiO». Catalysis Letters, 15(1-2), 207-217.

Moosavinejad, S. M., Madhoushi, M., Vakili, M., & Rasouli, D. (2019). Evaluation of
degradation in chemical compounds of wood in historical buildings using FT-
IR and FT-Raman vibrational spectroscopy. Maderas. Ciencia Yy
tecnologia, 21(3), 381-392.

Mosurkal, R., Samuelson, L. A., Smith, K. D., Westmoreland, P. R., Parmar, V. S.,
Yan, F., ... & Watterson, A. C. (2008). Nanocomposites of TiO 2 and siloxane
copolymers as environmentally safe flame-retardant materials. Journal of
Macromolecular Science, Part A, 45(11), 942-946.

MPI, (2019). Timber Species. Malaysia Timber Industry Board. Ministy of Primary
Industries. Availuble at: http://www.mtib.gov.my/index.php/timber-species

MTC, (2019) . Selected Malaysia Timber Species. Malaysia Timber Council.

Availuble at: http://mtc.com.my/resources-Technicallnfo.php

MTIB, 2020. National Timber Industry Policy 2009-2020. Malaysia Timber Industry
Board (MTIB). Minestry of Plantation Industries and Commodities Malaysia.
MTIB  Official  Website.  Retrieved Feb 25, 2020, from

https://www.mtib.gov.my

Mun, S. Y., Cho, J. H., & Hwang, C. H. (2021). Effects of external heat flux and
exhaust flow rate on CO and soot yields of acrylic in a cone
calorimeter. Applied Sciences, 11(13), 5942.

117


http://www.mtib.gov.my/index.php/timber-species
http://mtc.com.my/resources-TechnicalInfo.php
https://www.mtib.gov.my/

Murugan, A. V., Samuel, V., & Ravi, V. (2006). Synthesis of nanocrystalline anatase
TiO2 by microwave hydrothermal method. Materials Letters, 60(4), 479-480

Musaev, K., Mirkhamitova, D., Yarbekov, A., Nurmanov, S., Akbarov, K., &
Ruzimuradov, O. (2019). Facile synthesis of SiO.-TiO; photocatalyst
nanoparticles for degradation of phenolic water pollutants. SN Applied
Sciences, 1(10), 1-10.

Nanai, L., Szabo, A., Gyulavari, T., Budai, J. and Hernadi, K. (2019). Manual spray
coating: A cheap and effective method to build catalyst layers for carbon
nanotube forest growth. Thin Solid Films, 689, p.137491.

Nazari, Y., & Salem, S. (2019). Efficient photocatalytic methylene blue degradation
by Fe304@ TiO2 core/shell linked to graphene by
aminopropyltrimethoxysilane. Environmental ~ Science and  Pollution
Research, 26(24), 25359-25371.

Negishi, N., Takeuchi, K., & Ibusuki, T. (1998). Preparation of the TiO> thin film
photocatalyst by the dip-coating process. Journal of Sol-Gel Science and
Technology, 13(1-3), 691-694.

Nekrashevich, S. S., & Gritsenko, V. A. (2014). Electronic structure of silicon dioxide
(a review). Physics of the Solid State, 56(2), 207-222.

NFPA 921, (2014). Guide for Fire and Explosion Investigations. National Fire
Protection Association. 2014 Ed. 3.3.87

Niederber, M. and Pinna, N. (2009). Aqueous and Nonaqueous Sol-Gel Chemistry.
Metal Oxide Nanoparticles in Organic Solvents, Synthesis, Formation,
Assembly, and Application. XI1I, 217 P., Hardcover.

Nikolic, M., Lawther, J. M., & Sanadi, A. R. (2015). Use of nanofillers in wood
coatings: a scientific review. Journal of Coatings Technology and Research,
12(3), 445-461.

Nur, H., Chandren, S., & Yuan, L. S. (2014). Synthesis of titania with different shapes.
In 2014 International Renewable and Sustainable Energy Conference
(IRSEC) (pp. 531-535). IEEE.

O’Hare, D. (2001). Hydrothermal Synthesis. Encyclopedia of Materials: Science and
Technology, 3989-3992.

Oberhofnerov4, E., & Panek, M. (2016). Surface wetting of selected wood species by
water during initial stages of weathering. Wood Res, 61(4), 545-552.

118



Ofondu, 1.0., Ugwu, B.N. and Chime, R.O. (2018). World Journal of Engineering
Research and Technology WJERT. World Journal of Engineering, 4(5),
pp.399-409.

Osman, M. H., Sarbini, N. N., Ibrahim, I. S., Ma, C. K., Ismail, M., & Mohd, M. F.
(2017). A case study on the structural assessment of fire damaged building.
In Materials Science and Engineering Conference Series (Vol. 271, No. 1, p.
012100).

Owed, J. (2016). Liquid Coatings Q&A: Electrostatics on Wood and
Plastics. Gardner Business Media, Inc.

Ozcifci, A., Kara, M. E., & Kaymakci, A. (2018). Impact of PF and MUF adhesives
modified with TiO2 and SiO2 on the adhesion strength. Wood Research, 63(1),
75-84.

Palimi, M. J., Rostami, M., Mahdavian, M., & Ramezanzadeh, B. (2014). Surface
modification of Fe»Os nanoparticles with 3-aminopropyltrimethoxysilane
(APTMS): An attempt to investigate surface treatment on surface chemistry
and mechanical properties of polyurethane/Fe.O3 nanocomposites. Applied
Surface Science, 320, 60-72.

Panchal, T. S. (2014). Science of Fire tetrahedron & Chain reaction of fire
mechanism. Fire Engineer, 39(2), 7-9.

Panda, H. (2008). Handbook on Coal, Lignin, Wood and Rosin Processing. Asia
Pacific Business Press.

Pandey, K. K. (1999). A study of chemical structure of soft and hardwood and wood
polymers by FTIR spectroscopy. Journal of Applied Polymer Science, 71(12),
1969-1975.

Pape, P. G. (2011). Adhesion promoters: Silane coupling agents. In Applied plastics
engineering handbook (pp. 503-517). William Andrew Publishing.

Papp, E. A., Csiha, C., Makk, A. N., Hofmann, T., & Csoka, L. (2020). Wettability of
wood surface layer examined from chemical change perspective. Coatings,
10(3), 257.

Patil, P. (2016). Wood impregnation. Department of Wood Science. Doctoral thesis,
Mendel University in Brno.

Pearce, E. (Ed.). (2012). Flame-retardant polymeric materials. Springer Science &

Business Media.

119


https://books.google.com.my/books?id=xiDXCwAAQBAJ&printsec=frontcover

Perera, S. D., Mariano, R. G., Vu, K., Nour, N., Seitz, O., Chabal, Y., & Balkus Jr, K.
J. (2012). Hydrothermal synthesis of graphene-TiO2 nanotube composites with
enhanced photocatalytic activity. Acs Catalysis, 2(6), 949-956.

Perlin, J. (2005). A forest journey: The story of wood and civilization. The
Countryman Press.

Petric’, M. (2013). Surface modification of wood: a critical review. Rev Adhes
Adhes, 1(2), 216-47.

Phonthammachai, N., Chairassameewong, T., Gulari, E., Jamieson, A. M., And
Wongkasemjit, S. (2003). Structural And Rheological Aspect Of Mesoporous
Nanocrystalline TiO, Synthesized Via Sol-gel Process. Microporous And
Mesoporous Materials, 66(2-3), 261-271.

Pierpaoli, M., Zheng, X., Bondarenko, V., Fava, G., & Ruello, M. L. (2019). Paving
the Way for A Sustainable and Efficient SiO2/TiO, Photocatalytic
Composite. Environments, 6(8), 87.

Poletto, M., Zattera, A. J., Forte, M. M. C., & Santana, R. M. C. (2012). Thermal
decomposition of wood: Influence of wood components and cellulose
crystallite size. Bioresource Technology, 109, 148-153.

Poon, C., & Kan, C. (2015). Effects of TiO, and curing temperatures on flame
retardant finishing of cotton. Carbohydrate Polymers, 121, 457-467

Pries, M. (2014). Treatment of solid wood with silanes, polydimethylsiloxanes and
silica  sols (Doctoral dissertation, Niedersachsische  Staats-und
Universitatsbibliothek Goéttingen).

Puetz, J. and Aegerter, M.A. (2004). Dip coating technique. In Sol-gel technologies
for glass producers and users (pp. 37-48). Springer, Boston, MA.

Pulker, H., & Pulker, H. K. (1999). Coatings on glass (\Vol. 20). Elsevier.

Qourzal, S., Barka, N., Tamimi, M., Assabbane, A., Nounah, A., lhlal, A., & Ait-
Ichou, Y. (2009). Sol—gel synthesis of TiO>—SiO photocatalyst for f-naphthol
photodegradation. Materials Science and Engineering: C, 29(5), 1616-1620

Rahim, M. S. N. A. (2015). The current trends and challenging situations of fire
incident statistics. Malaysian Journal of Forensic Sciences, 6(1), 63-78.

Rajan, R., Rainosalo, E., Thomas, S. P., Ramamoorthy, S. K., Zavasnik, J., Vuorinen,
J., & Skrifvars, M. (2017). Modification of epoxy resin by silane-coupling
agent to improve tensile properties of viscose fabric composites. Polymer
Bulletin, 75(1), 167-195

120



Rajput, N. (2015). Methods of preparation of nanoparticles-a review. International
Journal of Advances in Engineering & Technology, 7(6), p.1806.

Rao, B. G., Mukherjee, D., & Reddy, B. M. (2017). Novel approaches for preparation
of nanoparticles. In Nanostructures for Novel Therapy (pp. 1-36).

Rao, J., Zhou, Y., & Fan, M. (2018). Revealing the interface structure and bonding
mechanism of coupling agent treated WPC. Polymers, 10(3), 266.

Rasmussen, J. S., Barsberg, S., Venas, T. M., & Felby, C. (2014). Assessment of
covalent bond formation between coupling agents and wood by FTIR
spectroscopy and pull strength tests. Holzforschung, 68(7), 799-805.

Ratnasingam J., (2017). The Malaysia Furniture Industry, charting its growth potential.
Inaugural Lecture series. Universiti Putra Malaysia

Ratnasingam, J., Ab Latib, H., Yi, L. Y, Liat, L. C., & Khoo, A. (2019). Extent of
Automation and the Readiness for Industry 4.0 among Malaysian Furniture
Manufacturers. BioResources, 14(3), 7095-7110.

Ratnasingam, J., Ark, C. K., Mohamed, S., Liat, L. C., Ramasamy, G., & Senin, A. L.
(2017). An analysis of labor and capital productivity in the Malaysian timber
sector. BioResources, 12(1), 1430-1446.

Reinprecht, L. and Grznérik, T. (2015). Biological durability of Scots pine (Pinus
sylvestris L.) sapwood modified with selected organo-silanes. Wood
Research, 60(5), pp.687-696.

Ren, D., Li, J., Xu, J., Wu, Z., Bao, Y., Li, N., & Chen, Y. (2018). Efficient Antifungal
and Flame-Retardant Properties of ZnO-TiO2-Layered Double-Nanostructures
Coated on Bamboo Substrate. Coatings, 8(10), 341.

Reyes-Coronado, D., Rodriguez-Gattorno, G., Espinosa-Pesqueira, M. E., Cab, C., de
Coss, R. D., & Oskam, G. (2008). Phase-pure TiO2 nanoparticles: anatase,
brookite and rutile. Nanotechnology, 19(14), 145605.

Riyaphan, J., Phumichai, T., Neimsuwan, T., Witayakran, S., Sungsing, K., Kaveeta,
R., & Phumichai, C. (2015). Variability in chemical and mechanical properties
of Paréa rubber (Hevea brasiliensis) trees. ScienceAsia, 41(4), 251-258.

Rojo, E., Alonso, M. V., Del Saz-Orozco, B., Oliet, M., & Rodriguez, F.
(2015). Optimization of the silane treatment of cellulosic fibers from
eucalyptus wood using response surface methodology. Journal of Applied
Polymer Science, 132(26)

121



Rosales, A., Maury-Ramirez, A., Gutiérrez, R., Guzman, C., & Esquivel, K. (2018).
SiO.@ TiO:2 coating: synthesis, physical characterization and photocatalytic
evaluation. Coatings, 8(4), 120.

Rouvray, D. H. (1997). Fuzzy logic in chemistry. Academic Press.Pp 34-46

Sadiku, E. R., Agboola, O., Agboola, O., Ibrahim, I. D., Olubambi, P. A., Avabaram,
B., Chima, B. (2018). Nanotechnology in Paints and Coatings. Advanced
Coating Materials, 175-233

Sakai, N., Fukuda, K., Shibata, T., Ebina, Y., Takada, K., & Sasaki, T. (2006).
Photoinduced hydrophilic conversion properties of titania nanosheets. The
Journal of Physical Chemistry B, 110(12), 6198-6203.

Sakka, S. (2013). Sol—gel process and applications. Handbook of advanced ceramics,
2nd edn. Academic, Oxford, pp.883-910.

Salleh, N. H., & Ahmad, A. G. (2017). Fire Safety in Museum Buildings: A Case Study
of Perak Museum, Taiping, Malaysia. Advanced Science Letters, 23(7), 6242-
6246.

Sandberg, D., Kutnar, A., & Mantanis, G. (2017). Wood modification technologies-a
review. Iforest-Biogeosciences and forestry, 10(6), 895.

Schneller, T., Waser, R., Kosec, M., & Payne, D. (Eds.). (2013). Chemical solution
deposition of functional oxide thin films (pp. 1-796). Vienna: Springer Vienna.

Shaaban, A., Se, S. M., Mitan, N. M. M., & Dimin, M. F. (2013). Characterization of
biochar derived from rubber wood sawdust through slow pyrolysis on surface
porosities and functional groups. Procedia Engineering, 68, 365-371.

Shabir Mahr, M., Hubert, T., Schartel, B., Bahr, H., Sabel, M., & Militz, H. (2012).
Fire retardancy effects in single and double layered sol-gel derived TiO, and
SiO2-wood composites. Journal of Sol-Gel Science and Technology, 64(2),
452-464.

Shriver, D. F., And Atkins, P. W. (2001). Inorganic Chemistry (3rd Ed.). Oxford:
Oxford University Press.

Shupe, T., Lebow, S., & Ring, D. (2008). Causes and control of wood decay,
degradation & stain. Pub.(Louisiana Cooperative Extension Service)-
2703.[Baton Rouge, La.]: Louisiana State University Agricultural
Center,[2008]. 26 pages., 2703.

Sinha, S., Jhalani, A., Ravi, M. R., & Ray, A. (2000). Modelling of pyrolysis in wood:
a review. SESI Journal, 10(1), 41-62.

122



Small, A. C., Rogers, M., Sterner, L., Amos, T., & Johnson, A. (2006). A Novel Non-
Halogenated Flame Retardant for Composite Materials. Composites, 1.
Stellman, J. M. (Ed.). (1998). Encyclopaedia of occupational health and safety (Vol.1).

International Labour Organization. 4th edition, p. 41.2

Stevens, G. C., & Mann, A. H. (1999). Risks and Benefits in the Use of Flame
Retardants in Consumer Products: A Report for the Department of Trade and
Industry. Surrey: University of Surrey. Polymer Research Centre.

Su, C., Hong, B. Y., & Tseng, C. M. (2004). Sol-gel preparation and photocatalysis
of titanium dioxide. Catalysis Today, 96(3), 119-126.

Sugimoto, T., Zhou, X., & Muramatsu, A. (2003). Synthesis of uniform anatase TiO>
nanoparticles by gel-sol method: 3. Formation process and size
control. Journal of colloid and interface science, 259(1), 43-52.

Sujaridworakun, P., Jinawath, S., Panpa, W., Nakajima, A., & Yoshimura, M.
(2007). Hydrothermal Synthesis of TiO2/SiO2 Hybrid Photocatalyst from Rice
Husk Ash. Key Engineering Materials, 352, 281-285.

Sun,Q.F.,Lu, Y., Xia, Y.Z., Yang, D.J., Li, J., & Liu, Y. X. (2012). Flame retardancy
of wood treated by TiO2/Zn0O coating. Surface Engineering, 28(8), 555-559.

Suresh, S., Venkitaraj, K. P., & Selvakumar, P. (2011). Synthesis, Characterisation of
Al>;03-Cu Nano Composite Powder and Water Based Nanofluids. Advanced
Materials Research, 328-330, 1560-1567.

Tanaka, T., Lee, J., & Scheller, P. R. (2014). Interfacial Free Energy and Wettability.
In Treatise on Process Metallurgy (pp. 61-77). Elsevier.

Tayeb, A. M., & Hussein, D. S. (2015). Synthesis of TiO2 nanoparticles and their
photocatalytic activity for methylene blue. American Journal of
Nanomaterials, 3(2), 57-63.

Tejero-Martin, D., Rad, M.R., McDonald, A. and Hussain, T. (2019). Beyond
traditional coatings: A review on thermal-sprayed functional and smart
coatings. Journal of Thermal Spray Technology, 28(4), pp.598-644.

Teoh, Y.P.,Don, M. M., & Ujang, S. (2011). Assessment of the properties, utilization,
and preservation of rubberwood (Hevea brasiliensis): a case study in
Malaysia. Journal of Wood Science, 57(4), 255-266.

The Malay Mail, (2017). “Tahfiz school fire arson, says Fire and Rescue Dept.”
September 21. Availuble from

123



https://www.malaymail.com/news/malaysia/2017/09/21/tahfiz-school-fire-

arson-says-fire-and-rescue-dept/1469933.
Then, Y. Y., Ibrahim, N. A., Zainuddin, N., Chieng, B. W., Ariffin, H., & Yunus, W.
M. Z. W. (2015). Effect of 3-Aminopropyltrimethoxysilane on chemically

modified oil palm Mesocarp fiber/poly  (butylene succinate)
Biocomposite. BioResources, 10(2), 3577-3601.

Thiagarajan, S., Sanmugam, A. and Vikraman, D. (2017). Facile methodology of sol-
gel synthesis for metal oxide nanostructures. Recent Applications in Sol-Gel
Synthesis, pp.1-17.

Thomasson, G. L., Capizzi, J., Dost, F., Morrell, J., & Miller, D. (2006). Wood
preservation and wood products treatment: training manual.

Tian, H., Ma, J., Li, K., & Li, J. (2009). Hydrothermal synthesis of S-doped TiO>
nanoparticles and their photocatalytic ability for degradation of methyl
orange. Ceramics International, 35(3), 1289-1292

Tingaut, P., Zimmermann, T., & Sebe, G. (2012). Cellulose nanocrystals and
microfibrillated cellulose as building blocks for the design of hierarchical
functional materials. Journal of Materials Chemistry, 22(38), 20105-20111.

Torres, A., & Nieto, J. J. (2006). Fuzzy logic in medicine and bioinformatics. Journal
of Biomedicine and biotechnology, 2006.

Tri, P. N., Rtimi, S., & Ouellet-Plamondon, C. M. (Eds.). (2019). Chapter 12:
Nanostructure superhydrophobic coatings. Nanomaterials-Based Coatings:
Fundamentals and Applications. Elsevier. Pp 400-417

Tsantaridis, L. (2003). Reaction to fire performance of wood and other building
products (Doctoral dissertation, Byggvetenskap).

Tseng, T. K., Lin, Y. S., Chen, Y. J., and Chu, H. (2010). A review of photocatalysts
prepared by sol-gel method for VOCs removal. International Journal of
Molecular Sciences. 11: 2336-2361.

Tyona, M. D. (2013). A theoritical study on spin coating technique. Advances in
materials Research, 2(4), 195-208.

Ullattil, S. G., & Periyat, P. (2017). Sol-gel synthesis of titanium dioxide. In Sol-Gel
Materials for Energy, Environment and Electronic Applications (pp. 271-283).
Springer, Cham.

124


https://www.malaymail.com/news/malaysia/2017/09/21/tahfiz-school-fire-arson-says-fire-and-rescue-dept/1469933
https://www.malaymail.com/news/malaysia/2017/09/21/tahfiz-school-fire-arson-says-fire-and-rescue-dept/1469933

Umachandran, Krishnan & Sawicka, Barbara. (2017). Study of timber market of
malaysia and its impact on the economy and employment. Journal of advances
in agriculture. 7. 1109-1116.

Valencia, S., Marin, J. M., & Restrepo, G. (2009). Study of the bandgap of synthesized
titanium dioxide nanoparticules using the sol-gel method and a hydrothermal
treatment. The Open Materials Science Journal, 4(1).

Visakh, P. M., & Yoshihiko, A. (2015). Flame retardants: Polymer blends, composites
and nanocomposites. Springer.

Wang, D. Y. (Ed) (2017). Novel Fire Retardant Polymers and Composite
Materials. Woodhead Publishing, 73

Wang, F., Feng, L., Zhang, D., Tang, Q., Liang, J., & Feng, D. (2014a). Theoretical
study on electronic structure and optical performance of nickel and nitrogen
codoped rutile titanium dioxide. International Journal of Photoenergy.

Wang, R., Hashimoto, K., Fujishima, A., Chikuni, M., Kojima, E., Kitamura, A., ... &
Watanabe, T. (1997). Light-induced amphiphilic surfaces. Nature, 388(6641),
431-432.

Wang, R., Hashimoto, K., Fujishima, A., Chikuni, M., Kojima, E., Kitamura, A., ... &
Watanabe, T. (1998). Photogeneration of highly amphiphilic TiO>
surfaces. Advanced Materials, 10(2), 135-138.

Wang, X., Liu, S., Chang, H., & Liu, J. (2014b). Sol-gel deposition of TiO>
nanocoatings on wood surfaces with enhanced hydrophobicity and
photostability. Wood Fiber Sci, 46, 109-117.

Wang, Z., Han, E., Liu, F., & Ke, W. (2007). Thermal behavior of nano-TiO in fire-
resistant coating. Journal of Materials Science and Technology, 23(4), 547-
550.

Wang, J., Jin, C., Sun, Q., & Zhang, Q. (2017). Fabrication of nanocrystalline anatase
TiO2 in a graphene network as a bamboo coating material with enhanced
photocatalytic activity and fire resistance. Journal of Alloys and
Compounds, 702, 418-426.

Wei, P., Han, Z., Xu, X., & Li, Z. (2006). Synergistic flame retardant effect of SiO> in
LLDPE/EVA/ATH blends. Journal of fire sciences, 24(6), 487-498.

Walton, W. D., & Twilley, W. H. (1984). Heat Release and Mass Loss Rate

Measurements for Selected Materials. U.S. Department of Commerce.

125


https://books.google.com.my/url?id=q7ZKCAAAQBAJ&pg=PA196&q=http://www.elsevier.com&clientid=ca-print-otter_B2DUJD1&linkid=1&usg=AFQjCNHRh5uNuFk-AnI1pv_lZFeu9THjsg&source=gbs_pub_info_r

White, R. H., & Sumathipala, K. (2013). Cone calorimeter tests of wood composites.
In In: Proceedings of the Fire and Materials 2013 Conference, San Francisco,
California, USA 28-30 January 2013; pp. 401-412. (pp. 401-412).

Wong, T. M., Lim, S. C., & Chung, R. C. K. (2002). A Dictionary of Malaysian
Timbers. Forest Research Institute of Malaysia (FRIM). Ed.2

Woodley, S. M., & Catlow, C. R. A. (2009). Structure prediction of titania phases:
implementation of Darwinian versus Lamarckian concepts in an evolutionary
algorithm. Computational Materials Science, 45(1), 84-95.

Xie, Y., Hill, C.A.S., Sun, D., Jalaludin, Z., Wang, Q., Mai, C. (2011). Effects of
dynamic  aging (hydrolysis and  condensation)  behaviour  of
organofunctionalsilanes in the aqueous solution on their penetrability into the
cell walls of wood. BioResources 6(3): 2323-2339

Xu, J., Li, K., Deng, H., Lv, S., Fang, P., Liu, H., ... Guo, Z. (2019). Preparation of
MCA-SIO; and Its Flame Retardant Effects on Glass Fiber Reinforced
Polypropylene. Fibers and Polymers, 20(1), 120-128

Xu, X., & Zhu, J. (2012). Hydrothermal Synthesis of TiO. Nanoparticles for
Photocatalytic Degradation of Ethane: Effect of Synthesis Conditions. Recent
Patents on Chemical Engineering, 5(2), 134-142.

Xuan, L., Fu, Y., Liu, Z., Wei, P., & Wu, L. (2018). Hydrophobicity and Photocatalytic
Activity of a Wood Surface Coated with a Fe3"-Doped SiO2/TiO;
Film. Materials, 11(12), 2594.

Yaghoubi, H., Taghavinia, N., & Alamdari, E. K. (2010). Self cleaning TiO2 coating
on polycarbonate: surface treatment, photocatalytic and nanomechanical
properties. Surface and coatings technology, 204(9-10), 1562-1568.

Yan, L., Xu, Z., & Wang, X. (2017). Influence of nano-silica on the flame retardancy
and smoke suppression properties of transparent intumescent fire-retardant
coatings. Progress in Organic Coatings, 112, 319-329

Yang, H., Zhang, K., Shi, R., Li, X., Dong, X., & Yu, Y. (2006). Sol-gel synthesis of
TiO2 nanoparticles and photocatalytic degradation of methyl orange in aqueous
TiO2 suspensions. Journal of Alloys and Compounds, 413(1-2), 302-306.

Yang, X., & Zhang, W. (2019). Flame Retardancy of Wood-Polymeric Composites.
In Polymer-Based Multifunctional Nanocomposites and Their

Applications, Elsevier. (pp. 285-317).

126



Yang, Z., Zhang, S., Li, L., and Chen, W. (2017). Research progresses on large-area
perovskite thin films and solar modules. Journal of Materiomics. 3(4), 231-
244.

Yee, T.K. (2015). Synthesis and Characterization of Titanium Dioxide Nanoparticles
in Wood Protection Application. B.Sc. Thesis. Universiti Malaysia Sarawak;
2015.

Yew, M. C., Sulong, N. R., Yew, M. K., Amalina, M. A., & Johan, M. R. (2015).
Influences of flame-retardant fillers on fire protection and mechanical
properties of intumescent coatings. Progress in Organic Coatings, 78, 59-66.

Yilbas, B.S., Al-Sharafi, A. and Ali, H. (2019). Self-Cleaning of Surfaces and Water
Droplet Mobility. Elsevier. 45-98

Youngs R. L. (2001). History, Nature, and Products of Wood. Forests and Forest
Plants. Virginia Polytechnic Institute and State University, Blacksburg,
Virginia, USA

Zabihi, F., Ahmadian-Yazdi, M.-R., & Eslamian, M. (2017). Photocatalytic Graphene-
TiO2 Thin Films Fabricated by Low-Temperature Ultrasonic Vibration-
Assisted Spin and Spray Coating in a Sol-Gel Process. Catalysts, 7(5), 136-
152.

Zanatta, P., Lazarotto, M., Gonzalez de Cademartori, P. H., Cava, S. D. S., Moreira,
M. L., & Gatto, D. A. (2017). The effect of titanium dioxide nanoparticles
obtained by microwave-assisted hydrothermal method on the color and decay
resistance of pinewood. Maderas. Ciencia y tecnologia, 19(4), 495-506.

Zecchina, A., Bordiga, S., Lamberti, C., Ricchiardi, G., Scarano, D., Petrini, G., ... &
Mantegazza, M. (1996). Structural characterization of Ti centres in Ti-silicalite
and reaction mechanisms in cyclohexanone ammoximation. Catalysis
today, 32(1-4), 97-106.

Zhang, N., Xu, M., & Cai, L. (2019). Improvement of mechanical, humidity resistance
and thermal properties of heat-treated rubberwood by impregnation of SiO>
precursor. Scientific reports, 9(1), 1-9.

Zhang, Y., Jiang, Z., Huang, J., Lim, L. Y., Li, W,, Deng, J., ... & Chen, Z. (2015).
Titanate and titania nanostructured materials for environmental and energy
applications: a review. RSC Advances, 5(97), 79479-79510.

127



Zhao, W., Blauw, L. G., Van Logtestijn, R. S., Cornwell, W. K., & Cornelissen, J. H.
(2014).  Interactions  between fine wood decomposition and
flammability. Forests, 5(4), 827-846.

Zheng, R., Tshabalala, M. A,, Li, Q., & Wang, H. (2015a). Weathering performance
of wood coated with a combination of alkoxysilanes and rutile TiO>
heirarchical nanostructures. BioResources, 10(4), 7053-7064.

128



LIST OF PUBLICATIONS

NO. TITLE PUBLISHER YEAR
1 Fire-Retardancy Of Wood Coated By Titania AIP Concerence 2019
Nanoparticles Proceeding 2155

132



	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0
	blank595x842
	Template Tesis UTM v2.0



